The purpose of this study was to research the property change of acrylic resins depending on the induced-beam change and research the improved physical property of dry-heat and microwave-cured dental place acrylic resin in order to develop the acrylic resins with the optimum characteristic. As a result of observing flexural rigidity, hardness and color difference, the dry-heat-cured specimens of Vertex RS and Paladent 20 showed ideal property at 5, 15, and 25 kGy irradiation. The microwave-cured specimens of Vertex RS and Paladent 20 showed ideal property at 5 kGy irradiation. The correlation analysis showed a positive correlation among ARD, flexural rigidity (0 418), E coefficient (0.675) and Barcol hardness (0 588). The radiation cure technology is helpful for relieving the contamination caused by the manufacture of polymer composite. It can significantly contribute to the fusion of ultra violet cure technology and nano technology and the improvement of mechanical property without giving effect to the workability of polymer.
Introduction
Currently, acrylic resin is widely used as a denture base material owing to its optimal strength, simple production method, aesthetic appeal, and dimensional stability [1] [2] [3] . However, due to its insufficient shear strength, fatigue resistance, and impact strength, it is vulnerable to fractures [4, 5] . To ensure a perfect aesthetic harmony between the denture base and the oral cavity, the color of the resin should be identical to that of natural gum or perfectly transparent to allow for the color of natural gum to be exposed. However, the oral-cavity environment, which is under high stress levels owing to effect of saliva and food-induced rapid temperature and pH changes, significantly affects the quality/stability of resin substrates, and thus, poses a serious challenge to the maintenance of its color [6] [7] [8] .
Although numerous studies have been conducted to reduce fracture and enhance the flexural strength of acrylic resins during its polymerization using various elastic materials such as aramid [9, 10] , carbon [11, 12] , glass fiber [13, 14] and polyethylene [15] these studies had limitations regarding homogeneity in material distribution and color stability. When fabricating acrylic resins, care should be taken to ensure its resistance against discoloration or staining in addition to its optimal mechanical strength [16] .
The most widely employed method for acrylic resin fabrication is heat curing, in which the polymers and monomers are mixed in a flask and then polymerized at a pre-determined temperature using a water bath [17] .
The compression-molding technique, one of the heat curing methods, uses dry heating curing in which the denture base acrylic resin is injected under a certain amount of pressure and polymerized on a hot plate under constant and continuous pressure [18] . The following are different polymerization techniques which can be employed: copolymerization [19] , where the polymer arrays are modified using thermocycling or other processes and the polymers have a chain structure, and cross-linking polymerization [20] , where covalent bonds are formed by cross-linking of homogeneous polymers. Moreover, visible-light polymerization, pourable-auto curing, and, of late, microwave irradiation curing have been used to facilitate the process of making denture. In microwave-irradiation curing, microwaves are used to polymerize resins placed in their respective flasks. The microwave curing method was first introduced clinically by Nishi in 1968, and it enables a rapid curing by simultaneously heating the core and margins of the denture base acrylic resin (throughout its mass) via the dielectric loss produced in it, using the microwave energy generated by a magnetron oscillator as the heat source [21] .
Because irradiated materials possess thermal stability, flame retardancy, abrasion resistance, and mechanical strength, which improves their overall physical properties, the radiation curing of polymeric materials has a wide variety of applications [22] .
Radiation-mediated processing is an economical and eco-friendly method capable of improving the physical, chemical, and mechanical properties of polymeric materials [23] . Radiation technology is a highly sophisticated technology with unlimited potential that is yet to be explored in many fields, which requires the development of various application techniques [24] .
This study aims to develop acrylic resins with optimal properties by studying the irradiation induced property changes of Vertex RS (Vertex, the Netherlands) and Paladent 20 (Heraeus Kulzer, Germany), two types of dry-heat and microwave-cured denture base acrylic resins.
Materals And Methods

Experimental materials
Vertex RS (Vertex, Netherlands) and Paladent 20 (Heraeus Kulzer, Germany), two types of denture base acrylic resins, were used as experimental materials. The specimens obtained were polymerized using dry-heat and microwave-curing methods ( Table 1) .
The specimens were prepared and classified into five experimental groups to measure the flexural strength, E modulus, Barcol hardness, Vickers hardness, and difference in color tone with varying absorbed radiation dose (ARD)( Fig. 1, Fig. 2 ). Uniaxial flexural strength (UFS) was calculated from the maximum loads of the specimens by using the formula given below:
where P is the maximal load, L is 50 mm (the length of the support span), (b) is the breadth of specimen, and d is the height of specimen.
Measurement of E modulus
The flexural modulus of elasticity (E, GPa) was calculated from the load-displacement curves, which was obtained from the flexural strength measurement data using Bluehill 2 (Instron). The modulus of elasticity (E modulus) can be calculated by using the formula given below, and the data was automatically computed by the Bluehill 2 (Instron) program:
where L is the length of the support span (mm), m is the slope of the modulus line (N/mm), b is the width of specimen (mm), and d is the height of the specimen (mm).
Measurement of Barcol hardness
Digital Barcol hardness tester (HHP-2001, Bareiss, Oberdischingen, Germany) has a metal tipped-indenter having a 0.154 mm diameter and was placed 0.76 mm from the material surface, with a constant load of 70-90 N applied to it by a finger. The pressure applied at the instant of indentation is recorded by a sensor on a scale of 0-100. The measured distance from the specimen was set to be at least 1 mm, and the mean value was obtained from three measurements per specimen.
Measurement of Vickers hardness
The mean values of Vickers hardness were obtained from the hardness tests using a Vickers hardness testing machine (HM-221, Mitutoyo, Tokyo, Japan) performed at three points for each specimen by applying an indentation load of 300 g for 30 s at 10-mm intervals from the center of the width. The Vickers hardness was calculated by using the formula given below:
where F is the indentation load applied (300 g) and d
is the length of the indent diagonal left on the specimen surface (mm).
Measurement of color stability
The reflected color of each specimen was measured The color stability increases as the color difference decreases. In order to estimate the difference in the color tone for each specimen, CIE L*a*b* (CIELAB) color differences were calculated from the mean values of L, a, and b, which were measured in triplicates by using the following formula:
Statistical processing
The multi-way analysis of variance (ANOVA) was used to analyze the ARD-dependent differences between the dry-heat and microwave-cured denture base acrylic resins prepared from Vertex RS (Vertex 
Results
Flexural strength and E modulus
The E modulus of the Vertex RS dry-heat-cured denture base acrylic resin was found to be the highest Similarly, the E modulus of the Paladent 20 dry-heat-cured denture base acrylic resin was the highest (2.92 ± 0.09) when it was irradiated at 25 kGy.
All the specimens irradiated at 5, 15, and 25 kGy showed higher E modulus values compared to the unirradiated specimens (p < 0.01). For both Vertex RS and Paladent 20 dry-heat-cured denture base acrylic resins, the ARD values that improved the E modulus were 5, 15, and 25 kGy (Fig 3) . it was irradiated at 25 kGy. The specimens that were irradiated at 15 and 25 kGy showed higher E modulus values compared to the unirradiated specimens (p < 0.001). (Fig.4) . Fig. 4 . ARD-dependent changes in E modulus of microwave denture materials.
Barcol hardness and Vickers hardness
The Barcol hardness of the Vertex RS dry-heat-cured denture base acrylic resins was the highest (43.18 ± 1.08) when they were irradiated at 25 kGy. All the specimens that were irradiated at 5, 15 and 25 kGy showed higher Barcol hardness values compared to the unirradiated specimens (p < 0.05).
In contrast, for the Paladent 20 dry-heat-cured denture base acrylic resins, no significant change in Barcol hardness was observed after the irradiation. The ARD values that improved the Barcol hardness were 5, 15, and 25 kGy for the Vertex RS dry-heat-cured denture base acrylic resins, while no correlation was observed for the Paladent 20 dry-heat-cured denture base acrylic resins( Fig 5) .
The Barcol hardness of the Vertex RS microwave-cured denture base acrylic resins was the highest (44.31 ± 0.79) when they were irradiated at 5 kGy (p < 0.001). The Barcol hardness of the Paladent 20 microwave-cured denture base acrylic resins was the highest (45.81 ± 0.99) when they were irradiated at 15 kGy. All the specimens that were irradiated at 5, 15, and 25 kGy showed higher Barcol hardness compared to the unirradiated specimen (p < 0.001) ( Fig. 6 ). 
Color stability
The color stability of the Vertex RS microwavecured denture base acrylic resins was satisfactory, showing little color difference (1.75 ± 0.49), when they were irradiated at 5 kGy (p < 0.001). The Paladent 20 microwave-cured denture base acrylic resins did not show any statistically significant differences in color stability. The irradiated specimens of both Vertex RS and Paladent 20 microwave-cured denture base acrylic resins exhibited reduced color stability; however, they were within the clinically permissible range depending on the dose, and did not exhibit significant color differences when analyzed against the standards set by the American Dental Association. Therefore, they can be safely used. 
Specimens
Discussion
The 
Conclusion
In this study, dry-heat and microwave-cured denture base acrylic resins were irradiated, resulting in enhanced physical properties (elasticity and hardness). 
